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Abstract 

It is shown that the matrix elements of the quark axial-vector currents of the 
decays r wttttz/ and upi' are not conserved in the limit of mq = 0. Pion exchange 
dominates the decay mode r — > upi^. Theoretical result of r — > uj{'K-K)nonpi^ agrees with 
data well. Both the decay modes provide evidences for the existence of strong anomaly 
of the PCAC. The strong anomaly originates in the Wess-Zumino-Witten anomaly. 
The PCAC with strong anomaly is written down and is applied to study uj nj, 
p TT'j, and uj ^ Stt under the soft pion approximation. Theoretical results are in 
good agreement with data. The decay r K*pv and K*ijOv and the PCAC (As = 1) 
with strong anomaly is presented. 
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The hadrons in r hadronic decays are mesons, therefore the r mesonic decays provide 
a test ground for all meson theories, especially the anomaly in meson physics, — > 27 
is via the PCAC related to the Adler-Bell-Jackiw triangle anomaly[l]. The Adler-Bardeen 
theorem[2] is about the anomaly in QCD. The Wess-Zumino-Witten(WZW)[3,4] Lagrangian 
provides a general formalism for various abnormal meson processes. In Ref.[5] an effective 
chiral theory of mesons has been proposed. In this theory the WZW Lagrangian is the leading 
term of the imaginary part of the Lagrangian of the effective chiral theory. The fields in the 
WZW Lagrangian are normalized to the physical meson fields. Based on chiral symmetry 
and chiral symmetry breaking, a bosonized axial-vector currents of ordinary quarks has 
been presented in our recent paper [6]. In this paper the vector currents of ordinary quarks 
are treated by the VMD and all the meson vertices are obtained from the effective chiral 
theory[5]. The r mesonic decays are studied in terms of this theory [6]. Some of the decay 
modes are related to the WZW anomaly. Theoretical results are in reasonable agreement with 
data. In the r-decay modes studied in [6] the ai meson is dominant in the matrix elements 
of the axial- vector currents (u and d quarks) and the axial- vector currents are conserved in 
the chiral limit. 

In this paper the decays r — > u){'KTi)nonpi^ and r — > upv are studied. Only axial-vector 
currents contribute to these decays. It is found that the matrix elements of the axial- vector 
currents are not conserved in the chiral limit and pion dominates the decay r — > 00 pv. These 
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abnormal phenomena originate in the anomaly of PCAC. Here the anomaly is the one of 
strong interaction. The strong interaction anomaly of PCAC is studied in this paper. The 
study on the decays r — > K*pv and K*^^ is presented. It is found in these two decays 
that the axial- vector currents ( As = 1) is not conserved in the limit of niq = 0. The strong 
anomaly of the PCAC(As = 1) is investigated. 

In the chiral limit, the vector part of weak interaction of ordinary quarks (u and d quarks 
only) is written as [6] 

£^ = ^-fcosecj^i—id.Al - d^A^^){d,pl - d^pl) + (1) 

where i = 1,2 and ^4^ are W boson fields, is derived by using the substitution 

- jT^osOcA^^ (2) 

in the vertices involving p mesons. In terms of the chiral symmetry and spontaneous chiral 
symmetry breaking, the axial-vector part has been determined as 

^ -9Kcos9cj{-\{d,K - 5.4)(^M< - + ^^"if } 
^aw^osOc^m^ UA^^d^ - ^cos9cUA^,d^7r\ (3) 

where /„ and Am^ are determined to be 

f2f2 2 f2f2 



is obtained by substituting 

< - -^J^osOcAl (5) 

into the Lagrangian in which ai meson is involved. 

The Lagrangians £^'"^(1,3) have been derived from the effective chiral theory of pseu- 
doscalar, vector, and axial- vector mesons[5]. The Lagrangian of this theory is expressed 
as 

C — '0(a;)(i7 • 5 + 7 • v + 7 • 075 — mu{x))'il}{x) — ipMip 

+\mMp,.i + uj'^uj,. + ata^, + ^f^) (6) 

where = Tia^^ + f^, = Xjp^ + a;^, , and u — exp{ij5{TiTri + rj)} , these fields are normalized 
to physical meson fields in Ref.[5]. The parameters of Eqs.(l,3) are defined as[5] 

U = 9-\ (7) 
f^-9-\l-^,)-K (8) 



Am^ = 6mV = /.'(l-^)-\ (10) 



where g is an universal coupling constant, g = 0.39[6], and m is a parameter related to quark 
condensate [5]. 



It has been shown in Ref.[6] that there are cancellations between the terms of Eq.(3) 
in the decay modes studied and these cancellations lead to both the conservation of the 
axial-vector currents in the chiral limit and the Oi dominance. 

The meson vertices involved in r mesonic decays are obtained from the effective La- 
grangian of mesons presented in Ref.[5]. There are two kinds of vertices: the ones of normal 
parity and the ones of abnormal parity. The later are the WZW anomaly. Therefore, the the- 
ory of r mesonic decays is completely determined by the effective chiral theory of mesons [5]. 

The Lo meson is contained in the final states of both the decay modes r — > lo'K'kv and 
T Lopv. It is well known[4,5,7] that in two flavor case if a vertex contains a;-fleld, the vertex 
is from WZW anomaly. Therefore, both decay modes are related to the WZW anomaly. 

The decay mode r LUTTiny is composed of two parts: the two pions are from a p decay 
and the two pions are not from a p resonance. The study(see below) shows that the decay 
rate of r — > uj{m:) ^resM is smaller than that of r — > t(;(7r7r)„onp^ by two order of magnitude. 
We study r — >• uj{Ti'K)nonp^ flrst. 

Only the axial-vector currents(>C'^(3)) contribute to r — > a;(7r7r)„onp^- There are two 
kinds of vertices involved in this decay channel. These vertices are derived from the effective 
chiral theory of mesons [5] in the chiral limit. 
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1. The vertices LOTnrir and waiTrvr derived from Ref.[5] are 

T^Wr 9 9^ 

c-^- = -^^^ - 2^)"^^^ - y)^''^"'^^.^^^'-^^^/.^., (11) 

where 

c^TT^- (12) 

These two vertices are from the WZW anomaly[5] . The vertex C^'^'^'^ is found by using 
the substitution(5) in the vertex jC^"'^^'^, Using these vertices and £"^(3), the matrix 
element of the axial-vector current is obtained 

q^q^ 1c PaVr? - i^f^Y a{q^) q^q^2c 2c 

g2 ^ g2 _ ^2 + ^Vr^a(g^) 9 9 

where ^i, k2, and p are momentum of 7r°, 7r~, and a; respectively, q — ki+k2+p- Eq.(13) 
shows that the matrix element obtained from the WZW anomaly is not conserved in 
the limit of uig = 0. The pion exchange is dominant in the term which violates the 
conservation of the quark axial- vector current in the chiral limit. The divergence of 
this term is written as 

6 ;i - -)e^^"^eijkd.u;^da7r^df,7r\ (14) 



T^'^gfn 9 9 



2. The second kind of vertices are vertices ai/97r, pnTT, Wpn and cupn. The vertex Wpn 
is derived by substituting(5) into the vertex oipTr. The first three vertices have been 
exploited to study r — > tttttti/ and theoretical results are in reasonably agreement with 
data. The vertex upn is from the WZW anomaly. 

P"" = €,i,{Ao.y>'n' - Ba'^fid"- Tt" + Da;S"(^„a",r')} (16) 

9 fn9 9 

- + 1 _ ^ _ Sn'c'}e,jkff,7rjd%nk. (19) 

= -^^£'^^"'^a^a;.p^o'^7r\ (20) 
where p is the momentum of p meson and q is the momentum of ai. 
Using the vertex £"^'"^(15), the decay width of oi meson is derived 



Taiq') = ^ {(3 + —,)A^ - —,{q' + ml)AB + ^^k^B^}, (21) 



where 
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Using £^(3) and the vertices(15, 19,20) and taking the cancellation shown in Eq.(34) of 
Ref.[6] into account, the second part of the matrix element of the axial- vector current is 
obtained 

\JrOL L , Q Q . / ; OT-i / 7 9\ 7/9 9 I ■ / 7 '9T^ / / '9\ 



^2 _ ^2 _|_ kP'T p{k'^) k"^ — w?p + iy k"^V p{k" 

^ ^2^^^ kj^^^ 

where ki, k2, p are momentum of 7r°, 7r~, and a; mesons respectively, q — p + ki + k2, 
k = q — ki, k' = q — k2, A{k'^) and A{k"^) are defined by Eq.(16) by taking = k'^,k"^ 
respectively. This part of the matrix element observes the axial- vector current conservation 
in the limit ruq — and there is ai dominance. 

Adding Eqs.( 13,22) together, the whole matrix element is obtained. The expression of 
the decay width is presented in the Appendix. The branching ratio is computed to be 

B = 0.37%. 

The data is 0.41 ± 0.08 ± 0.06% [7]. The distribution of the decay rate versus the invariant 
mass of coTTTT is shown in Fig.l. 

It is the same as the decay mode studied above, only the axial-vector currents contribute 



70 




to r — > ujpu. At the tree level C'^'^ (20)is the only vertex involved in this decay channel. 
Therefore, the decay is resulted by the WZW anomaly. Using the term 

-^-^cosOcUAld^n' 

in Eq.(3) and the vertex(20), the matrix element of the axial- vector current is obtained 

< ^;9-|^r+7,75^|0 >= -^=^-^|£^-VAP2.6;(pi)e^(p2). (23) 

In the limit rUq — 0, the axial-vector current is not conserved in this process. The conser- 
vation of the matrix element (22) is resulted by the cancellations between the terms -j-j]^ , 
Am^faO^^, and /tt^juTT* of >C^(5)(see Eq.(34) of Ref.[6]). In the matrix element(13) there is 
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cancellation between the two vertices (11), however, the cancellation is not enough. This re- 
sult leads to the nonconservation of the axial- vector current in Eq.(13). For the process(23) 
there is no contribution from oi meson, therefore, there is no such cancellation. The pion 
exchange dominates this decay and the axial- vector current is not conserved. The divergence 
of the operator used to derive the matrix element (23) is 

Nc 



e^^'^'^d.uj^djp (24) 



Using the matrix element (23) and adding the Breit-Wigner formula of the p meson in, 
the decay width is obtained 

C COS^Oc 9 2 1 . 2 2^2 

£f + < - - v^^]-^ (,2_gf;^2(,2) . (25) 

2 

where g^j^ = 2'mT^mr + ^"^L™^ ; is the invariant mass of the two pions and 

487r m/ ^ ' 

f^Ak') = ^{1 + ^[(1 - jr - 4-^^^]}- (26) 

The branching ratio is computed to be 

B = 0.16 X 10-^. 

The decay rate is much smaller than the one of r — > u!{7nT)nonp^- Therefore, r — > u;{7nr)nonp^ 
dominates the decay r — > iOTnru. The distribution is shown in Fig.2. 
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The nonconservation of the quark axial-vector currents found in the matrix element (13, 2 3) 
show that there is anomaly in the PCAC The Adler-Bell-Jackiw anomaly 

d^i^ra^.l.'ip = ^s'^'^'-^F^^F^^Ssi (27) 

is well known. However, this anomaly is the one caused by electromagnetic interaction. The 
abnormal terms(14,24) are from strong interaction. We claim the existence of the strong 
anomaly in PCAC. Taking the abnormal term(23) as an example of the strong anomaly of 
the PCAC, the PCAC with strong anomaly is written as 

5'^^r,7^75^ = -mlUm + ^e'^'^^^d^u^do^ifp. (28) 

The abnormal term of Eq.(28) is caused by the vertex(20) which originates in the WZW 



anomaly. Why this vertex causes the anomaly of the PCAC? The reason is presented as 
below. As pointed in Ref.[6], the conservation of the quark axial- vector currents(in the 
chiral limit) is obtained from the cancellations between pion exchange, Oi exchange, and 
others. In the Lagrangian of the WZW anomaly [4, 5, 7] there is no coupling like 

Therefore, the pion exchange provided by the vertex(20) cannot be canceled out. The lack of 
the cancellation leads to the nonconservation of the quark axial-vector currents in the chiral 
limit. 

We use the effective chiral theory [5] to illustrate the existence of the strong anomaly of 
PCAC (28). The problem is similar to the one treated by Adler-Bell-Jackiw[l]. First it is 
necessary to show that in the chiral limit, if just applying the equations of motion to the 
quark axial- vector current, it is found that the currents are conserved in the chiral limit. The 
equations of motion are derived from the Lagrangian(6)(to avoid the U{1) problem taking 
off the r] field in this part of the discussion) 

d^i^l^^ = -ii'ilnv'' + ^fi^sa" -mu-M), 

PI = ^^^i^M^ < = ^V'7i7^75'0, 
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Ui = la — ^— , (29) 

where u — a + i^y^r -U, a"^ — 1 — 11^. Using all these equations(29), to the leading order of 
the quark mass it is proved 

5^^T,7^75^ = -ml^7i\ (30) 

According to the Adler-Bell-Jackiw[l] the anomaly does not come from the classic equation 
of motion, instead, from renormalization of the quark triangle diagrams. Adding the photon 
field to the Lagrangian(6), the vector part of the Lagrangian is written as 

C = i^{x){ij ■ d + ri-rspl + \enA^ + -u^ + \eA^)}i;{x) (31) 

g z go 

This part of the Lagrangian shows that the p, to and the photon fields are in symmetric 
positions which lead to the VMD[5]. As pointed out by Sakurai[8], the substitutions 

1 1 

-egA, uj -> -egA (32) 

Z 

revealed from Eq.(31) are essential to obtain VMD. Taking p and u; fields as external 
fields and calculating the quark triangle diagrams as done by Adler-Bell-Jackiw, the strong 
anomaly of PCAC is derived as the one shown in Eq.(28). It is equivalent to say that this 
anomaly(28) can be found by using the substitution 

Trr^Q^df^A^daAfs ^ 2Trr^T^d^u,d,,pl 
13 



in Eq.(27). 

The abnormal term of Eq.(28) can be written as the divergence of the current 



Nc 



■e^''"^{u,d^ff^ + pld„ij^}. (33) 



Therefore, a question is raised that whether this current is part of the quark axial-vector 
current. If so, there is no strong interaction anomaly in PC AC. A direct proof is necessary. 
The method using the quark operator to bosonize the quark currents is presented in Ref.[5]. 
The couplings between uj meson and others obtained by using this method is the same as 
the one derived from the WZW Lagrangian[4,7]. Following this method, we have 

< '^ra^j5ip >= --^B J d^pTrTa^j5SF{x,p), (34) 

oo 

sf{x,p) = s%{p) T.i-inrD,s%{p)r, (35) 

n=0 

D^^d^- iv^ - za^75, (36) 

«F P) = f 37) 

p^ — 

u = exp-'^^^^''''+''l (38) 

The effective chiral theory of mesons [5] is a theory of mesons at low energies and the derivative 
expansion has been exploited. We are only interested in the terms associated with the 
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antisymmetric tensor £i^'"^P, The leading terms are from n = 3 




1 



■jTrTiJi^j5{j-p-m)j-D{j-p-m)j-D{j-p-m)j-D{j-p' 



(27r) 



(39) 



We are looking for the terms containing one u and one p field only. The derivation shows 
that all nonzero terms are cancelled out. Therefore, the term(33) is not included in the 
quark axial- vector current. This conclusion is consistent with the fact that in the WZW 
Lagrangian there is no coupling between to, p, and ai fields. The explanation is following. 
In the effective chiral theory of mesons [5] the couplings between oi fields and others are 
obtained from part of the Lagrangian(6) 



As obtained above, in the effective axial-vector currents(39) there is no terms containing 
both cu and p fields only. Therefore, there is no aicup coupling. 

We emphasize on that the PCAC with strong anomaly(28) is model independent. The 
vertex(20) is derived from the WZW Lagrangian[4,5,7] and is very general. The term 
— ^cos9cfnA'^fj,d^T^^ used to derived the matrix element (23) is independent of any model. 

The vertex(20) has been well tested. In Ref.[5] it has been used to derive the amphtude 
of 7r° 27 obtained by Adler-Bell -Jackiw triangle anomaly. The decay rates of a; —> 777 
and p ^ TTj are via VMD calculated by using this vertex and theoretical results are in good 



«M < '0Ti7^75V' > ■ 
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agreements with data. It is also shown in Ref . [5] that this vertex is responsible for the decay 
a;37r. 

On the other hand, using the substitutions(32) in Eq.(28) we derive 



+ 4^"""'^-^"^!^ + 4|^^--^a,.;.F„,53. (40) 

It is well known that the amplitude of 7r° — > 27 is derived from the third term of the Eq.(41) 
under a soft pion approximation. In the same way, the amplitudes of a; — > 7r7 and p — > 777 
are obtained from the fourth and the fifth term of Eq. (40) 

M{u; ^ 7r7) = ^e^'''^f'p,k^e,{p)e*^{k), (41) 

where k and p are momentum of cu and photon respectively. 

M(p ^ 777) = -^e'^^-%Ke,{p)e}(k), (42) 
zTT g 



The decay widths are 



The data are 717(1 ± 0.07)keV and 67.8(1 ± 0.12)keV [10] respectively. 
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It is known that a; — > /ott is dominant in the decay cu ^ 3tt. In the manner of the 
calculations done above, the PCAC with anomaly(28) is used to calculate the decay rate of 
a; — > Stt 

r(a; ^ 37r) = 334^3 (2^)3 / ^^i^^^i^l - ql - ql){{ml - ql){ml - ql) 

-ml{ql + ql - + 4^ + ^^l^- (45) 

qi -mj, qi- mj, qi - 

In Eq.(45) the amplitude oi cu ^ Stt is determined in the chiral limit. The numerical result 
is 

T{u^ Stt) = 7.7MeV. 

The data is 7.49(l±0.02)MeV[10]. 

There are more terms on the right hand side of the Eq.(40). For example, the term(14) 
should be added to the right hand side of Eq.(28). In the same way obtaining the term(24), 
the vertex 

= ^fy^-Pf^^,^,^^^a^ (46) 
used to calculate the decay width of r ^ fTru in Ref . [6] results a term 

- (47) 

n 

which should be part of the strong anomaly of the PCAC. Now the PCAC with strong 
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anomaly takes the form 



TT- 



6 2c 



(1 



(48) 



Obviously, there are much more terms for the strong anomaly of the PC AC. The method 
deriving those abnormal terms is the same as the one used to obtained (14) and (24). By 
taking away the factor — ^cos^c^^ from £"^(3), the axial-vector currents are obtained. 
Combining these currents with proper vertices of mesons, the nonconservetive currents, if 
they exist, could be found. 

It is necessary to emphasize that the decay t ^ ujpv provides a direct evidence of 
the strong anomaly of the PCAC. Therefore, the measurements of the decay rate and the 
distribution of the decay rate versus the invariant mass of a;p will evidence the existence of 
the strong anomaly in the PCAC. 

The discussion of the strong anomaly of the PCAC in two flavor case can be extended to 
three flavors. The decay r — > K*pv and K*ijju are related to the anomaly of the PCAC of 
As = 1. Both the vector and axial- vector currents contribute to these decays. The vertices 
contributing to the matrix elements of the vector currents come from the term 




(49) 
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of the effective Lagrangian of mesons obtained from the Lagrangian(6) in Ref.[5], where 

i % 

= + + ^s)/^ + + ~ ^Ag)/!,^, 

where a = 4,5,6,7. There are additional normahzation factors for (f), ai, f, and fig, which 
can be found in Ref.[5]. The vertices C^*^*^ is derived from Eq.(49) 



-K*K*v _ 

9 



9 



-{d,Kl - d^Kl)K'^ + {d,Kl - d^Kl)K-^]}, (50) 



where 



si 2 , 
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Using the substitutions [5] 

11 1 

^egA, uj -egA, (p -^-^egA, (51) 

it is proved that the charges of are +1, —1, and respectively, where A is the photon 

field. It is interesting to notice that the vertices(50) are from the nonabelian nature of the 
vector meson fields. The vertices C^*^*p and C^*^*"^ are found from Eq.(50). Using vC^(l), 
it is obtained 



1 .,^a -ml,+i^TK*{q 



2^ 



- 9,u){{k - pYe,{k)e'^{p) + 2p'^ {p)e,{k) - 2k'^e^{k)e,{p)}, (52) 
where k and p are the momentum of p and K* respectively, q — k + p, 

TK*{q') - + < + <f - (53) 

The vertices contributing to the matrix element of the quark axial- vector currents are 
from the WZW anomaly [5] 

where Va is the singlet. The vertices K*Kp and K*Kuj are found from Eq.(54). Using these 
vertices and £"^(3), the matrix element of the axial- vector currents is obtained 

' sznec^^e'''''^k^eMex{p)qp. (55) 



y/4E^ " 27r2£/2 q2 
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In the chiral limit, fx — fn- Obviously, the axial- vector current is not conserved in the limit 
oi nig — 0. The divergence of the term contributing to this matrix element is written as 

- ^^"''"^^.^r^aP?- (56) 

Adding the Breit-Wigner distribution of the p meson and using the matrix elements(52,55), 
the distributions of the decay r K*~ p^v versus the invariant mass of K*p are obtained 

dq^ - (27r)3 32m3g4(^- ^ ) J,^. ^4^^ +^ ""^'^ ^ ^ ^ q^k^ml^ 

1 v^r,(A:2) '"1: +y'ri.(y2) 



TT (A;2 - m2)2 + k'^Tlik'') {q^ - m^.f + q^Tl*{q^) 

dr^ _ sinj^ , ^ 2N2 /-(V?-"^^*)' „_2rl, 

- (27r)3 32m3g4 



{^^(^^ + + ^^mi. + + fc^ - m\,f - \q^k^}, (57) 



T 

2 



2^2. A^c ^2l .58. 
g2 ^^ttV 7r(F-m2)2 + Fr2(fc2)' ^ ^ 

where A;^ is the invariant mass of the two pions and V^'^ are the decay widths from the vector 
and axial- vector currents respectively. 

The branching ratio is computed to be 0.24 x 10~^. The contribution of the axial-vector 
currents is 17%. The branching ratio of r — > K*~lov is determined to be 0.6 x 10"^ and the 
branching ratio of r ^ K*^ p~u is 0.48 x 10~^. 

The term(56) is the strong anomaly of the PCAC(As = 1). Prom Eq.(50) other three 
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terms of the strong anomaly are found 



^^^e^--P{^d,K:'d^p-^ + d.Kl-d^up + V2d^K:-d^<t^p}. (59) 



Therefore, the PCAC(As = 1) with strong anomaly is expressed as 



.e^^--(^{O^K:-dap'0 + V2d^K:^d^p^ + d^Kt-do^iVfs + ^d^K:-d^ct>p}. (60) 



Nc 



Using the VMD and the substitutions (51), the electromagnetic anomaly is added to the 
Eq.(60) 

-^^e^'^'^id^K-d^pl + V29^Kf + d^Kl'd^i^p + ypid^Kl-d^4>p}. (61) 

In terms of the soft pion approximation the decay amplitude of K*~ — > is derived from 
Eq.(61) in the chiral limit 

M = -^^^e^''''^vMv)Ke%{k). (62) 
The decay width is found to be 

r = r2.2 <- (1 - - 34.9/cey. (63) 

The data[10] is 50.3(l±0.11)keV. The strange quark mass correction is responsible for the 
difference between the theoretical result and the experiment. 
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To conclude, the decay r — > ojt^t^u is resulted from the WZW anomaly. Theoretical 
result of the decay rate agrees with data. In the chiral limit, the strong anomaly of the 
PCAC is found and the strong anomaly originates in the WZW anomaly. Under the soft 
pion approximation the decay rates of a; — 7r7, p 7r7, and — Stt obtained by using 
the PCAC with strong anomaly are in good agreement with data. The strong anomaly 
of the PCAC leads to the pion dominance in the decay r — > ujpu. The measurements of 
the decay rate and distribution oi t ^ ujpv will provide a further evidence on the strong 
anomaly of the PCAC. The strong anomaly of the PCAC(As = 1) exits too. It is necessary 
to emphasize that the Adler-Bell-Jackiw anomaly and the Adler-Bardeen anomaly of QCD 
are exact and the strong anomaly of the PCAC is based on that the meson fields are treated 
as effective point fields, like the pion fields in the PCAC and the meson fields in the WZW 
anomaly. However, the existence of the strong anomaly of the PCAC indicates that in the 
chiral limit, the quark octet axial-vector currents are not conserved. The expressions of the 
strong anomaly presented in this paper, maybe, are some kind of bosonization of the strong 
anomaly of the quark octet axial-vector currents. 

The author wishes to thank K.F.Liu for discussion. This research was partially supported 
by DOE Grant No. DE-91ER75661. 

Appendix 
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dT{T ^ ujmru) cos^Oc 1^2 2\2r^ 2 o 2\ tt- 2 



dqWdk'^ 256m3 {2n)^ 

where 



K-?^)^{K + 252)F + m^G}, (64) 



■ k^fiq' - q ■ hf + ~{q ■ h)\q ■ hf}A, 

2 1 10 1 2 1 

+{3^? • hq ■ M • (A;i + k2) - —j^{q ■ hf{q ■ /c2)'}^i2 + • hf{q ■ fcsj'Sn 

■ ki)\q ■ k2fq ■ {q - k2)B2i + ~{q ■ k^)\q ■ k2fq ■ {q - k,)B,2 

-l\{q ■ kif{q ■ k2fB22 + \-^{{q ■ k,)\q ■ k2fB, + {q ■ k,f{q ■ k2fB2}BWa 



G-[^2-^^--)f\-M-k^n^-k2? 

9 9 9 ^q 

9 g'flml + f-'q'Vliq^) 



^'g'PAq'-mlf + q^Vliq^y 



BWp{k') 



1 



- m2)2 + Pr2(fc2) ' 



A. = - ^) + - ml)A{J^')BW,{J^^)f + -^^A^{k'YXik'')BW,{k'')}, 

/tt 9 9Ja 9 Ja 

M = {[|-(1 - -) + \{k^ - ml)A{}?)BW,{k^)f + -^^A\k^)k^Vl{k^)BW,{k^)}, 

J-K 9 9Ja 9 J a 

A,2 = -2{[|-(1 - ^) + -^{k'^ - ml)A{k'^)BW,{k'^)]Al - ^) 

In 9 9Ja U 9 

- ml)A{e)BWp{k^)] + 47^A\k'')A\k')^/¥k^T,{k'')BWp{k')T,{k'')BW,{k'')}, 

9Ja 9 Ja 

Bu = 2i?{[|-(l - ^) + -L(A:'2 - ml)A{k'')BW,{k'')]^{e - ml)BW,{e)] 

/tt 9 9Ja 9Ja 

+^^A\k!^)V¥l^T,{k!^)BW,{k^)V,{k!^)BW,{l^^)}, 

9 la 
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Jir 9 yja yja 

y J a 

B,, = 2S{[|(1 - ^) + - mJ)A(P) - mj) 

y Ja 

B22 = -2S{[|-(1 - ^) + -\{k' - ml)A{k')BW,{e)]^{k'' - ml)BW,{k'')] 

JIT 9 9ja 9Ja 

+^A\e)V¥^v,{k;^)Bw,{k^)T,{k;^)BWp{}^^)}, 

9 Ja 

Bi = B'-^,BW,{e), 
y J a 



B, = B'-^^BW,{k'% 
y J a 



where q = p + ki + k2, k'^ = {q — /ci)^, k'^ = {q — k2)^. 
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Distribution of the decay rate of r 



Distribution of the decay rate of r 
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Fig.l Caption 

cuTrirv vs. the invariant mass of utttt 
Fig. 2 Caption 

cupu vs. the invariant mass of cup 



